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Beas Aga Rajak AFE Ishihara(1987)9] Ess oe} ze 
ax} Raja(Okamejei) meerdervoortii Bleeker(2¥7}22]), R.(O.) 
acutispina Ishiyama C84: 5€), R.(O.) kenojei Müller et Henle 
(Xe), R.(Dipturus) kwangtungensis Chu(x3al3: 3HEo]), R.(D.) 
pulchra LiuCe7t22]) & 5:$e]| SAANA. 5S 103 1657 Ao] dist A7) 
IFAT NSA SARA BAY AR 1379] Ba oa EAA Gag 24709] 
TUJE ASST HAMA WES usi SZ was AAA. 5% ZR. 
(O.) kenojei JAE AHA 7 BAS = 0.96622 dë AE FAA ZAA 
€ UE, R.(O.) meerdervoortii R.(O.) acutispinae $744 29 
7} S = 0.749824, R.(O.) kenojeist R.(D.) kwangtungensis S = 0. 
8299] 9.4, R.(D.) pulchrae GS 473 S = 0.5979] HS Yeho saa 

. equa dai VA este}. R.(D.) kwangtungensis) 25. SY ofl 
Dipturus +4] &seH- R.(D.) pulchrate FAA 29x7H S = 0.6482 
Ret abe|7k AALY, Okamejei A $E R.(O.) kenojeitt= S = 0. 
8292] 77H FAA SaaS usue Sg R.(O) acutispina9t R. 
(D.) kwangtungensis= 9x 1734028 HAMU. 


Key words: Taxonomy, Raja. genetic relationships. electrophoresis. ventral 
sensory pore, new record 
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Rajidaeł} (Pisces, Rajoidei) AFE ipaa 9. s 18& 200% o} LANGA 
(Nelson. 1994), 2 2 Raja&el| Y 100$9] Sand Rajidae} 1% AAS 41/28 ^F 
ASE 2 EGRE, Ay ga oa] So 11$0°] (Ishihara, 1987), deae 740] 9x 
Jo) SE (Chyung. 1977). 

HANA Rajat ARA dë IMA ATE BS Tu Bb wx. odp ug exe um 
YAZ (tail thorn} AHAA #47 PPA (nuchal thorns) $9] MAJAY FA 
axutme| Ba SS AFH Rajak VFS BHAA. IAA 7l VAI guo 
Aaja] SWARo] Be ceo] glo] Au(Ishiyama, 1958. 1967: Boeseman, 1978, 1979: 
Ishihara and Ishiyama, 1986: Ishihara, 1987: Chen and Joung, 1989), SUAS 
Chyung(1977)9] 22013 AFA By} AA AA GES maa Raja AAA We Km 
YA AAE ated. l l 

B dzopqr YAZAN Aged Rajaé 17S NAMA ace! AAE Ishihara(1987)9l 
aas ze qa A AEA ES dog B27 #2(isozyme) HAYS ANIA 4 F 
29) ASA ABAS (Jeu suu. 


Table 1. Morphological differences and the diagnostic characters among 5 species of the genus Raja by Ishihara 


(1987). The species names are represented as abbreviation listed in Table 2. 


Species 
R.m. R.a. R.k. R.kw. Rn 
Characters 
Total length of adults <55cm. <55cm < 55 cm > 55 cm < 55cm 
Ratio of rostral cartiage 
< 60% < 60% < 60% > 60% > 60% 
dorsal head length length to 
Male: 3 rows M: 3 rows M: 3 rows M: 1 row M: 1 row 
` Tail spines 
Female: 5 rows F: 5 rows F: 3 or 5rows F:3rows . F: 5 rows 
The height of caudal fin 
— — — high low 
to lateral tial fold 
V-shaped of ventral sensory 
Present Absent Present — — 
the metapterygium pores on 
Pectoral ocellus on the 
Absent Present Present Present Present 
conter of pectoral fins i 
No. of nuchal thorns 1-3 1-3 2-16 0-2 1 
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= AFA ASH ASE 19924 4944] 19934 11974) Sep (Sub, där Baa, 
ZA, as) Hau, JAE, Zei acy Mae Rajat AF Z 165 WAS 
Ishihara(1987)9] #4+71@(Table DA Ge} SVs] AAAEZ ALAH Table 2). Az 
* Rajaá$ omi dä od WES JAA AJE dal Ashe] Haas BIO e, xs 
BA KAS SS HEE dry ice(-70 OZ x wap AJAZ $us] -70°CS} deep 
freezer] HUSA2A, SAYA HAS AG xE 10% formalin SAA 238 = 70% 
alcohol € 10% formalin $49) LEIA. So 778 (ventral sensory pore) $9] 8 
daas Aalaarl] 4 (Nicon SMZ-10)& 9] fart. 

EASA EAS Selander $(1971) 8 Yang $(1989)2] Hd at MERE x 1657) 


Table 2. Sampling localities, dates and number of specimens of 5 species of the genus Raja from Korea. 


Populations 


No. of specimens 


R. (O). meerdervoortii (R.m.) . 


collection date 


1. Chungmu 20 (FSIU 0121-0140)* 1993, Sep., 10 
R. (O.) acutispina (R.a.) 
2. Chungmu 10 (FSIU 0141-0150) 1993, Sep., 10 
3. Wando (I.) 10 (FSIU 0151-0160) 1993, July, 14 
1993, July, 16 
R. (D.) kwangtungensis (R.kw.) 
4. Chungmu 17 (FSIU 0201-0217) 1993, July, 16 
R. (D.) pulchra (R.p.) 
5. Paegny"ongdo (l.) 17 (FSIU 0161-0178) 1992, April, 2 
6. Designated area 20 (FSIU 0181-0200) 1993, Jan., 6 
1993, Sep., 3 
R. (O.) kenojei (R.k.) 
7. Kunsan 20 (FSIU 0099-0119) 1993, Nov., 20 
8. Chindo 0) 20 (FSIU 0001-0020) 1993, June, 5 
9. Ch"ongsando (I.) 10 (FSIU 0089-0098) 1993, July 15 


10. Taech"ongdo (L.) 


21 (FSIU 0022-0027), 
0029-0033, 0039, 
0044-0046, 0058, 
0060-0063, 0066) 


1993, March 8 


Total 


165 


*FSIU: Laboratory of Fisheries, Department of Oceanography, College of Science, Inha University 
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Table 3. Buffer systems and stains for electrophoresis. 


Buffer system E.C. No.” Isoenzyme and protein Condition 
Continuous tris citrate II 1.1.1.27 Lactate dehydrogenase (Ldh-1,2) 100/3 hrs 
(TC II, pH: 8.0) 1.1.1.37 Malate dehydrogenase (Mdh-1,2,3) 

1.1.1.42 Isocitrate dehydrogenase (Idh) 

1.1.99.5 aGlycerophosphate dehydrogenase (aGpd) 

1.9.3.1 Indophenol oxidase (Ipo) 

2.6.1.1 Glutamate oxaloacetate transaminase (Got-1,2) 

2.6.1.2 Alanine aminotransferase (Alat-1,2,3) 

2.7.3.2 Creatine kinase (Ck-1,2) 

2.7.4.3 Adenylate kinase (Ak) 

2.7.5.1 Phosphoglucomutase (Pgm) 

5.3.1.8 Mannose phosphate isomerase (Mpi) 
Lithium hydroxide General protein (Gp-1,2,4,5) 300/3 hrs 
(LiOH, pH: 8.1) 3.4.11.11 Petidase (Pept-1,2) 

N.S.** Esterase (Est) 


a a Aa MEE MM 
*E.C. NO.: Enzyme commission number 


**N.S.: Non specific 


9| $E (dorsal side) 232 AS 4 CAA glass homogenizer(B. Brown Co.) €& vt 
at X Sorvall RC-5B(Rotor SS-34) & 9| #84 18,000 rpm (39,000 g)2 = 3077 AS a 
ABs x. yae ol Pesto] Zä AL 718 $(horizontal starch gel electrophoresis: 
HSGE)£ 2c}, Salz BAS Ae EAR iay DAs] SH ASA $4 
= Table 34 294. 

zz w gue ae auae 0] BIOSYS program(Swofford and Selander, 
1981) 22 MAA l= (allele frequency) & 2382, Bat v8 81x (75 polymorphism) 
ag e|8 etx} NE (heterozygosity) € 4 At 9€ SI $44 ui Bread 
(Selander, 1976). Ht gue WES o] Sst} Nei(1972)9| HAA #914] (genetic 
distance coefficient: D)$ Rogers(1972)9] $4 ZAX (genetic similarity 
coefficient: S) & 42392, S Aë EO: UPGMA(unweighted pair group method 
with arithmetic averages) "H(Sneath and Sokal, 1973)9| “2+ dendrogram’ 32 
sje] $ € az 444 PARAE suse. 


a sn 


YAAA age Rajat JES SBA 8»: Raja(Okamejei) meerdervoortii 
Bleeker(9 €7192]), R.(O.) acutispina Ishiyama(#¥74: FAFA: AEB: Moyo- 
kasube). R.(O.) kenojei Muller et Henle(#°), Raja(Dipturus) kwangtungensis 
Chute Aa 230; Zä RR), R.(D.) pulchra LiuGe7t+22)) Sa 5522 HAA 
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Fig. 1. R. (O.) acutispina, dorsal side (A) and ventral side (B), FSIU 0221, adult male, 420.5 mm TL; R. (D.) 
kwangtungensis, dorsal side (C) and ventral side (D), FSIU 0216, adult female, 628.5 mm TL. 


Qt}. 2 $€ subgenus Okameieid Zar R.(O.) acutispina Ishiyama 2174 (FSIU 
0141-0160, 0221)2} subgenus Dipturus% R.(D.) kwangtungensis Chu i778A| (FSIU 
0201-0217): 9t v]z]& $9.2 w95s3u(Fig. D. 1S 522 Ro 72 (ventral 
sensory pore)9] HHS S87] 5$ BF zb 549 MS BAS Ya nä watt F 


ei 
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Fig. 2. Ventral side of five species of the genus Raja, showing ventral sensory pore patterns: A, Raja (Okamejei) 
meerdervoortii; B, R. (O.) acutispina; C, R. (O.) kenojei; D, R. (Dipturus) kwangtungensis; E, R. (D.) pulchra. 
1, nostril; 2, mouth; 3, gill-slits; 4, anus or cloaca; 5, disc; 6, pectoral fin; 7, pelvic or ventral fin, a, anterior lobe, 


b, posterior lobe; 8, clasper of males; 9, tail. 


2 RS gaz Sex9u(Fig. 2). tx 0734022 seu Zë BAA SAS sw R. 
(O.) acutispinae 2499 MA Sto] "nap WA) s): FAAEE LAAR AA (orange 
yellow) € Sau Fe £4 WAE) za Exe AAE BR PA(reticulate 
patterns)9] color patternS | FA (Fig. 1A) Soa 2232 zx des xus) x 
A daa aus qu qz pup] BES SAS ssbu(Fig. IB. Fig. 2B). WA, 
R.(D.) kwangtungensis= AIBA (dorsal sido) > JARA gaa supe] YAT 2 
7$ Ye aasch aa a F ats] SF SY] dr Sitz mj, AS Aatas 
gic(Fig. 10). Sei We dd SA (ventral side) PISS Ge FBG yay au d 
Z(cloaca) $4 AAY Seit BAA SAS ga (Fig. ID. Fig. 2D). 

ol} Zo] & F28 X 54€ 104E 16571 Ao] dist of Sz, Sa 9 dede] $343 Fa 
AS Jo Alass ANA AF 1379 BA wu vede] 24749] AAR 
des z Aza uela ges CS ASAE Table 49 du. 

& 9472] JAH € Alat-2. Mdh-1. Mdh-2. Mdh-3, Ldh-1, Ldh-2. Ck-2'€ T7 + 
2122992): 52 1004 BF Holgle] monomorphic e4, Mpi S 1774 $-824(7146) 
= gg E quu AAAA YA g duae Bols genis. 1749 elu Saa 
2 Gp-l3H Gp-58 F bse] Sho] SRS 40g AALA, Si FAA SAS su 
R.(D.) pulehrad) AP €} 443} Mpi, Ak aGpd. Gp-1. Gp-4 € Gp-5 & Gig Fa 
AJA 4208 utu. Saa Dipturus So] See R.(D.) pulchra% R.(D.) 
kwangtungensist Mpi. Ak, Got-1, Got-2. opd Gp-4. Gp-5, Pept-2. Ck-1 s 97H 
9] Aza See zt oxpo]gE BAO. R.(D.) kwangtungensis) 724. Okamejei 9} 
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Table 4. Allele frequencies of 17 polymorphic loci obtained from 10 populations of 5 species of the genus Raja. 
Numbers refer to the populations of each species listed in Table 2. 


Locüs R.m. R.a. R.kw. R.p. R.k. 
1 2 3 4 5 6 #7 8 9 10 
Mpi a .050 .110 .684 .025 .024 
"b .095 .900 .900 .684 . .400 1.000 .976 
c .850 . .100 .316 575 ` 
d .150 
e .906 1.000 
f .094 
Idh a ; .200 
b 1.000 1.000 .800 1.000 .750 1.000 1.000 .944 1.000 .976 
c .250 ` .056 .024 
Ak a -941 1.000 
b _ .059 
Cc 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Got-1 a .028 .025 
b .972 1.000 1.000 .975 1.000 1.000 
c 
d 1.000 1.000 1.000 1.000 : 
Got-2 a 1.000 .063 .933 .868 
b .938 1.000 .824 .053 1.000 .971 1.000 1.000 
c "^ .176 .029 
d i 067 079 
aGpd a .026 
b 1.000 1.000 1.000 1.000 .206 .947 1.000 1.000 1.000 
c .765 1.000 .026 ` 
d .029 
Pgm a .083 .025 .079 l 
b .053 
c .917 .950 1.000 1.000 1.000 .975 .842 1.000 1.000 1.000 
d f .026 
e .050 i , 
Gp-1 a 1.000 .972 1.000 
b .028 1:000 1.000 1.000 1:000 
Cc: 1.000 1.000 
d 1.000 
Gp-2 a .118 
b .025 .050 
c .-:.975 .950 1.000. .882 944 1.000 1.000 1.000 1.000 1.000 
.d .056 
Gp-4 a : .100 
b 1.000 11.000 1.000 .733 .083 .100 .048 
c .750 .900 .889 952 
d .167 1.000 1.000 .167 .111 
Gp-5 a .719 .105 
b .188 .895 
c .094 ji 
d 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
e 1.000 
Pept-1 a 1.000 .050 .050 .029 .083 
b .950 .950 .971 .917 1.000 1.000 .975 1.000 1.000 
c .025 
Pept2 a .175 .125 .100 .048 
b .600 675 .900 .619 
c .028 
d 1.000 1.000 1.000 - .778 | 1.000 .100 .150 .310 
e. .194 .100 
f .471 ` : .025 
g 529 
Ipo a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
b 1.000 1.000 1.000 . l 
Ck-1 a .944 1.000 : 
b 1.000 1.000 1.000 1.000 .056 .000 1.000 1.000 1.000 1.000 
Alat-l a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
b 1.000 1.000 1.000 
Alat-3 B 1.000 1.000 


1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
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Table 5. The degree of genic variations of 5 species of the genus Raja. 


No. of Mean No. of Percentage of Heterozygosity 
Population specimens allele per locus polymorphic loci 
(N) (A) (%P) Observed (Ho) Expected (He) 

R.(O.) meerdervoortii 

1. Chungmu 20 1.1 8.3 .013 .020 
R. (O.) acutispina . 

2. Chungmu 10 1.2 20.8 .022 .022 

3. Wando (1.) 10 1.1 12.5 l .013 .026 
R. (D.) kwangtungensis 

4. Chungmu 17 1.3 20.8 .046 .071 
R. (D.) pulchra 

5. Paegnyónado (I.) 17 1.6 41.7 .046 .104 

6. Designated area 20 1.2 8.3 .013 .020 
R. (O.) kenojei 

7. Kunsan 20 1.5 20.8 .046 .077 

8. Chindo (L.) 20 1.4 16.7 .042 .062 

9. Chóngsando (I) 10 1.1 8.3 .008 017 

10. Taechónado (1.) 21 1.3 4.2 .024 .030 . 


Za &s- R.(O.) kenojeist Got-1. Gp-4, Pept-29|9t KAA apo|& HA ugs] x 
Bol ol} AAL, R.(O.) meerdervoortii R.(O.) acutispina ^te|e|i Gp-l, 
Alat-1, Ipo $9] $48] GE AANZE Fat AAE ua. 

Table 49 HANA WES oga SA dut FAA wepsxE dev Table 5) 
Dipturus 49A 4&sHe R.(D.) kwangtungensis} R.(D.) pulchra 2% 344 4 Fal 
ae BE dedi A = 1.35, BE WEEE P = 22.9%] Bt AHAA 
= Ho = 0.038, He = 0.06622 #12592 Okamejei YA R.(O.) meerdervoortii, 
R.(O.) acutispinaSt R.(O.) kenojei S 3% 7 BU FAA Bole Yt A= 1.2, P= 
12.4%. Ho = 0.020, He = 0.03022 4290), Dipturus °°] Okamejei ISHA f 
AA Wol7} 2 Woe det aigu eps VE Bo] 2 eH& BH BAA "os 
ad via BS BS WEE, Sal R.(D.) pulchras] ABAtS EE gea xd 
aa AQAA xo z Schulz AAA (designated area)d wel ga % 
polymorphism, Ho 2 He So s 3s] ali Së WIGES UEFA. R.(O.) 
kenojei AAEAAS P = 8.3%, Ho = 0.008, He = 0.0172 Z4 AG $ 7 YA 8 
AW Hols Bac. 

zb ze det BY due e (Table AS Sete} Rajat AF 5$ 10999 St, at 
Zt Rogers(1972)9] AKAA ZAA SA Nei(1972)9] #44 AA (DS YA Ax= Table. 
63} 2 52 2 Okamejei 9) R.(O.) meerdervoortii4 R.(O.) acutispina?| $t 
SAA ZAAL S = 0.749, R.(D.) pulchrae GE 4231 S = 0.5972 FRM SZ Aho] 
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Table 6. Rogers’ gentic similarity coefficients (above diagonal) and Nei's distance (below diagonal) based on allele 


frequencies of 24 genetic loci among 5 species of the genus Raja. 


Population 1 2 3 4 5 6 7 8 9 10 


R. (O.) meerdervoortii 


1. Chungmu 0.754 0.744 .0666 0.541 0.538 0.609 0.618 0.586 0.597 
R. (O.) actuispina 

2. Chungmu 0.273 0.983 0.770 0.501 0.503 0.699 0.688 0.701 0.714 

3. Wando (L.) 0.280 0.002 0.762 0.502 0.496 0.695 0.689 0.698 0.711 


R. (D.) kwangtungensis 


4. Chungmu 0.384 0.237 0.241 0.652 0.643 0.830 0.820 0.831 0.834 
R. (D.) pulchra : 
5. Paegnyónado (1.) 0.578 0.666 0.674 0.389 0.924 0.654 0.656 0.640 0.650 
6. Designated area 0.614 0.679 0.689 0.422 0.027 0.650 0.643 0.636 0.644 
R. (O.) kenojei 
7. Kunsan 0.479 0.330 0.333 0.148 0.379 0.410 0.966 0.964 0.964 
8. Chindo (1.) 0.458 0.344 0.345 0.163 0.391 0.424 0.006 0.957 0.964 
9. Chóngsando (I.) 0.529 0.342 0.345 0.159 0.410 0.443 0.008 0.017 0.982 
10. Taechóngdo (1.) 0.499 0.317 0.154 0.395 0.425 0.008 0.015 0.0004 
5 6 7 8 9 1.0 (S) 
l L ii 1 | j 
749 R. (O.) meerdervoortii 


1. Chungmu 


.680 


R. (O.) acutispina 


983 

DNA 2. Chungmu 

L— 3. Wando UU 

.829 R. (D.) kwangtungensis 


.597 


4. Chungmu 
R. (O.) kenojei 

7. Kunsan 

8. Chindo 0) 

9. Ch'ongsando (I.) 
10. Taech"ongdo (1.) 
R. (D.) pulchra 


pedem 5. Paegny"onado (1.) 
L—— ———— 6, Designated area 


Fig. 3. Dendrogram of 10 populations of 5 species of the genus Raja based on Rogers genetic similarity 


coefficients. 
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€ HAY. Ca Dipturus eK$9] R.(D.) kwangtungensis% R.(D.) pulchras €xt $A 
4 ZAA S = 0.6482 FAF apo]lzb AALY, Dipturus 89 R.(D.) 
kwangtungensis} Okamejei 4&9 Satz R.(O.) kenojei 4AA E S = 0.8292 717] 
€ AAE uuge Sg aay uHE B daa Sup Ao a? Ale Sel RO.) 
kenojei= JAQ BA FAA ZAA S = 0.96622 FAALBE dë gas HEH e 
Ja ada Woe SUS Su] Aoga yaaq, l 

Table 69] FAA 2841S ZAZ dendrogram 49% AIE Fig. 33 Go] S = 0. 
59794] R.CD.) pulchra7} & 453 3A 2 groupe YFAALA, AS QE oläëad Be 
Sol YE R.(D.) kwangtungensis} R.(O.) kenojei7} S = 0.829 gë FAE FAA 
TAPAE VENT @ group2= clustersjo] JAAA dat AMA Ashihara, 1987)% 
= žo] AAA. 


ini + 


me 


Raja$ ew wu £u gd oa Tee] AA Ya RSE daa Assay eom 
e sug us Ska SHAR edo] ge BHP YB Sse a qoe 
Raja$ AFT MATA 93 Swe, AZ] 7p] zg maz, Ys aqadel Spyz] 
BY, Ate I PA + o$eoUgüJ£ AFIA BHA} AA, 1S BRA 
ase $0 2 zu Aa! golt Boe BHAA Seto] glo] Md(Chang et al 1955: 
Ishiyama, 1958, 1967: Chu. 1960: Chu et al 1963: Shen, 1984a, 1984b: Ishihara 
and Ishiyama. 1986: Chu and Meng. 1987). 224 42 Ishihara(1987)2} Chen >} 
‘Joung(1989)2 Su 227 (ventral sensory pores)9] "Ste (Raschi, 1978: Chu and 
Meng. 1979: Hatooka and Yamada, 1993), xd7l(clasper)$ AHYLAAZ 
(scapulocoracoid)9] Sg A 1. 2 542494 melee] MA m a7) So] Wee x 
HBAS MSs ABU Rajak daad LHAAS AAAF sp dai Bas eere] Sx 
SE Raja #9] ALS S7lal S ERARAJ AVAA dg ecu. 

E APHIS YA cebep AAA £x Ishihara(1987)9] BH71Fo] oe} get dx 
Pade epdzb ssa] Ye Raja(Okamejei) acutispina Ishiyama, 19589 Raja 
(Dipturus) kwangtungensis Chu. 19607} AA Saal NAN. R.(O.) acutispina 
dae wpa ede] wap wedo] s): ae LAAR HA (orange yellow) $ ga 4 
SA UA So] xusp] ui As Yo 7A(reticulate patterns)9] color pattern 
olg. %4(dorsal head length)& Y% 27:4 (interorbital width)9] 5.5-6.09pz w= 
melu(Fig. 1A, 1B). 4 u]ulz(tail thorns)& FAITE 39, YANYE EHA S} 
549] 29 ASA ues] You) AMM AANA AE HAZA (mucous substance) 
YAA AE 53) Ua Sai E FE zo A aaz soley So ua 
ar AACS ZUIA YA ses sus as Fay) ue SAS HaäClbie, 
2B). R. D.) kwangtungensise |w9| eA (dorsal side) 2 JAWS] SQA upto] azi 
A) 279 FS WIS] Ya, a $ we] FS Soo] Be BY} Lä au ae ayer 
92 OG. allan og géit folds] JAS BO Se Boy ape 27 
ejere|u(Fig. 1C, 1D). Sa HE 924 BA (ventral side)9) 47482 Ge £uu uu 
^| 4x 8 (cloaca) SHE zpa]xt BRE BAA SAS Suu(Fig 2D). B 9] aoa 


W 2x onm ve ro rr 
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Raye d? 
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sje] SPs Exe Bw} 312194 (Yamada, 1986) S A7774 € 
xa] SHO, za PEI Sa FFAA AAE Sole} FAA. oS 
BASS ANAA AAA uiae] R.(D.) kwangtungensis 725, BAO Chu(1960)= 
"hE] SRE Ay BABES JAAA ume] mok d cdusbeui exu. R.(O) 
meerdervoortii= Ausl $3590 AJALE JAA) Von, EX Wage ga qà ds 
A &xsri (abdominal region)el]i- ESHA) VE(Fig. 2A). FHS YAA 5. 
2-6 Alen 2] 27] (orbit dameteriz vtta» BAY au. spe FA] 1-2 
A, SAS 1-3789]m, 3749) ALAE HASSE FE SA] AA. AAA Ae] 32-37 cm 
2 5X SoA 73 22 S22 Chyung(1977)4 AIA YAAA EES dete ZAR A 
. o| BEG, E ere S 207A 7} AJAA ASABE ANI. SAA Wol7t 7s a 
*- R.(O.) kenojei AV Bo] ds Hau, FAIS Arae 3.6-4.9]o]vj, BF 
AZL 2-167] Bol] So] aq. BY 22732 R.(O.) meerdervoortii} xe] 4x2 aas 
Zs] Son] sde gu(Fig. 20). HAA SE HF Bo] BE Bs] you AZ 
YA goli dise] ai 9] 1 mol gar R.(D.) pulchrae gazirceinotzt Got 
usse] Sa Ae rou. JF giga gä Viola, WS AAIE TAINS De 
ASA 192 uds sb, AAAS baal SH KATIA SBA} AAAS was 
ads ol|#c(Fig. 2E)(Ishiyama, 1958, 1967: Chu, 1960: ASIZB, 1962: Ishihara, 
1987). Family Rajidae$t genus Raja 867] Fes 2 7reséoesz dudo sre 
U(Chyung, 1977) 8x: 49 7404 o]go got Sold gd Fol Sole} uut] Eps 
shia ASAT, i 

EMSA A7SSHS 1B FAA xA» R. (D.) kwangtungensis BAS FALE 
ga Sa oH&4! subgenus Dipturus& YAA R.(D.) pulchrafe FAA aa S = 
0.648% Saa xbe]zL ao Eb ob&9! Okamejei2] R.(O.) kenojeit e S = 0.829% wl 
$ WAS SAAS Eo] Sach 

R.(D.) ‘kwangtungensis7} S84 Dipturus 489 32 AFIA BABA Za" 
2 4324 ZA (conservative character)9] 22719 funnelo] QE go Okamejei GA 
ZS funnel] NAA 894. FA) PAEA (Fig. 4) qA} 1479 TZE dl 
Wap] Be A7 Geol] FoF ARA € SoA ASHABAS Aste Sat 44 
°|tk(Leigh-Sharpe, 1926: Ishiyama, 1958: Stehmann, 1970: Ishihara and 
Ishiyama, 1986: McEachran and Miyake, 1986: Ishihara, 1987). JA? 287197 
299 R.(D.) kwangtungensis= AA Dipturus }$2= AHA YOu E AFA f 
AA 2du3ep NE Okamejei YSA FEY IRA YEZU (Fig. 3). 447] € SS 
4ed See GE SS] uere total length) 42, A#S 77} AS SSA 
gde gazt QA (Ishihara, 1994: pers. comm.) € Za oS Zao] Aade + 
ada, ARA Sa ou SAS E Ze} glach 

Sa R.(O.) kenojei Miller et Henle YH vw AEJ "Luz YA YA S gua o 
o] dg AIA YA Ja S S als (R. porosa Gunther. R. fusca Garman, R. 
- japonica Nystrom, R. tobae Tanaka, R. katsukii Tanaka, R. chinensis(not of 
Basilewsky), R. porosa meerdervoortii Ishiyama, R. porosa tobae IshiyamaJ2 = X 
FEAME=EA(Garman, 1913: Tanaka. 1916. 1917. 1927: Ishiyama, 1958, 1967: 
Chu, 1960: Chu et al 1963), Ishiyama(1967)9* Ishihara(1987) G2 R. kenojei 
Muller et Henle$] synonym 9.€ 3AA. Ce Chen and Joung(1989)2 R. porosa 
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Fig. 4. Species specific structure of clasper: A, Raja (Okamejei) meerdervoortii; B, R. (O.) acutispina; C, R. (O.) 
kenojei; D, R. (Dipturus) kwangtungensis; E, R. (D.) pulchra. cf, cleft; dk, dike; fn, funnel; hp, hypopyle; pr, 
pseudorhipidion; rh, rhipidon; sh,shield; sk, spike; sl, slit; st, sentinel; tb, terminal bridge. (after Ishihara, 1987) 


Gunther. R. fusca Garman 3! R. meerdervoortii(not of Bleeker)7} R.(O.) kenojei 
Muller et Henle3] synonymo| #4 Ishihara(1987)£& RVA JAH. E AFANANE 
Ishihara(1987)9] 93 R.(O.) kenojei Muller et Henle= AHA AAEE xe EFS 

a A 2o) ume] Sup 2 AFA +2} HA ze] del $6] ages Arle Sa 
waa YAA zazi ME as ume R.(O.) kenojei Muller et Henle= SSäol ck 
shia Ass aa 4e R.(O.) kenojei Muller et Henle2] st uHgsbo|is daa 
9) 4 da SM m14} AA uo] yee Boe Bo} dapes] Elez oz 
d Ade Bal AEE BPE ds GS PEAS Ya euge Foe du 
WES EA SAAVA dë Sahel gä Sai YES] Choshi35 AA Shiranukay 
AA AAY AAA Raja(Okamejei) lS FE R. fusca type(Ishiyama, 1958, 1967) 
gro] Salz Wo] Azle AAYA (isolated local form) & uqaqa Bo}(Ishihara, 
1987), AE. ABE, HY SE utii siu ot 2](Chyung. 1977) QAF type 
2 88 £(morphotypes) 22 THs o} (subspecies) 22 BHA FEZ A EAS 
AAAA HAIA Sb(Ishihara, 1987) FA BL EES dez gus PAFA 9 
Azaga At S SIAM AP Also BF ze. 
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R.(D.) pulchra "id JAJ ABS ASAS eiss yap HAR ALI 

SSe YAW $99 BASS ASAS AA KEJ DIS 3x fet, ed VYSaqy} wis 
BAL, ix EUH MAAA HA Ea Sle ASH BASS ASAE (RL enzeg = 
XA ABRA Heyy. 
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Systematic Study on the Fishes of the Gens Raja (Pisces, Rajidae) 
from Korea. 


Choong-Hoon Jeong, Yong-Chul Lee, Jae-Heup Kim" and Suh-Yung Yang" 
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ABSTRACT 


Electrophoretic analysis was performed to determine the interspecific genetic 
relationships of the genus Raja collected in Korean waters. We confirmed 5 species 
[Raja (Okamejei) meerdervoortii Bleeker, R. (O.) acutispina Ishiyama, R. (O.) kenojei 
Muller et Henle, Raja (Dipturus) kwangtungensis Chu, and R. (D.) pulchra Liu] 
inhabiting in Korea. As a results of starch gel electrophoresis, 24 genetic loci were 

. obtained from 13 enzymic and non-enzymic proteins, and allele frequencies of each ` 
locus were calculated. Even though their various dorsal color patterns, the mean 
genetic similarity among 4 conspecific populations of R. (O.) kenojei showed highly: 
close genetic relationships (S = 0.966). R. (O.) kenojei and R. (D) kwangtungensis - 
which belong to different subgenus, revealed subspecific level of differentiation (S = 0. 
829). R. (Dipturus) kwangtungensis was genetically much closer to Raja (Okamejei) 
species than to Raja (Dipturus) species group. R. WA acutispina and R. (D) 
kwangtungensis were unrecorded species to Korea. 


